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F'LUCTUATIONS OF PERSPECTIVE 
This  s tudy  examined the  e f f e c t s  of  d i s t ance ,  i n s t r u c t i o n a l  s e t ,  
and l e a r n i n g  sequence on t h e  f l u c t u a t i o n  r a t e  of  t h e  Wheatstone-Mecker 
Cube. 
When o u t l i n e  drawings of three-dimensional s o l i d  f i g u r e s  a r e  
presented ,  as i n  geometry t e x t s ,  t h e  f a c e s  of  the  f i g u r e s  may appear  
t o  in te rchange .  That is, t h e  face  which w a s  a t  f i r s t  background, i s  
seen  as foreground and v i c e  versa.  Such interchanges have been var- 
icmsly  termed "changes," I1reversals," o r  I1f luctuat ions,"  of  perspec t ive .  
1 According t o  Boring, t h e  Swiss n a t u r a l i s t  Necker w a s  t h e  f irst  
person t o  c a l l  a t t e n t i o n  t o  t h e  phenomenon of r e v e r s i b l e  perspec t ive .  
Necker, i n  a l e t t e r  i n  1832, descr ibed the  "op t i ca l  phenomenon which 
occurs upon viewing a c r y s t a l  o r  a geometrical so l id . "  Necker noted 
t h a t  t h e  change could be cont ro l led  by f i x a t i o n  on t h e  i n n e r  corners  
of  t h e  f i g u r e .  
Lange and blarbe, working i n  Vundt's l abora tory ,  a t tempted t o  
r e l a t e  c h ~ n g e s  i n  ~ e r s p e c t i v e  t o  f l u c t u a t i o n s  i n  a t t e n t i o n .  ~ l u ~ e l ~  
1 E. G. Boring, Sensa t ion  & Percept ion i n  t h e  Hi s ton -  of 
Experimental  Psychology ( ~ e v  Pork: D. Appleton-Century Company, 1 9 ~ 2 ) .  
2 ~ .  C. Flugel ,  "he Inf luence of A:tention i n  I l l u s i o n s  of  
Fleverslble Pe r spec t ive ,  B r i t i s h  Journa l  of Psycholom, V (1913), 
357-397. 
2 
measured reversa l  r a t e s  and found tha t  the  perspective was influenced 
by the  focal  point of at tention.  philpottl found the  f luctuat ions  
increased a s  fa t igue increased. These early findings seemed so vague 
t h a t  not much has been done with them. 
A grea t  deal of impetus t o  research with f luctuat ions  of perspec- 
t i v e  was presented by the 1926 views of ~ c ~ o u g a l l . ~  H i s  f indings can be 
summarized i n  three major conclusions. F i r s t ,  h i s  r e s u l t s  indicated 
t h a t  Hintrovertedll  subjects experienced more rapid f luctuat ions  than 
l lex~rovertedll  subjects. He hypothesized t h i s  difference t o  be the 
r e s u l t  of a secret ion which increased synaptic resistance i n  the cortex. 
Secondly, he measured the e f fec t s  of alcohol and other drugs on these 
f luc tua t ions  of perspective. Alcohol was alleged t o  produce extrovertive 
behavior. The t h i rd  major conclusion was t ha t  the  f luctuat ion r a t e s  of 
dementia praecox pa t ien ts  should average higher than the  r a t e s  of manic- 
depressive pat ients .  
For the  most par t ,  t e s t s  of McDougallls ideas have led  t o  contra- 
d ic tory  resu l t s .  The ear ly  researches were hampered by poor t e s t s  of 
introversic.n-extroversion. In  some cases rel iance was placed on ra t ings  
f o r  t h i s  dimension of personality. I n  any event, the  h i s to r i ca l  
IS. J. P h i l ~ o t t ,  nFluctuati  ons i n  Ruman Out*put, " Br i t i sh  Journal 
of psycho lo^, XIV-XM (1932), 5-125. 
-
%. McDougall Outline of Abnormal Ps~cho lom (New York: Scrib- 
ner l  s and Sons, 19261. 
researches illuminated the factors which need to be controlled in this 
type of perceptual research. 
To test the introversion-extroversion hypothesis, Guilford and 
1 
Braly tested twenty male subjects ranging in age from eighteen to 
twenty-three years of age. The Marston Personality Rating Scale and 
the Neymann-Kohlstedt test were used to determine introversion scores. 
The cube was used as the stimulus, and a telegraph key signaled the 
changes. The instructions were not stressed, which meant that the sub- 
jects were told not to try to control the fluctuations. Three minutes 
of observations were alternated with three minutes of rest until twenty- 
one observations were recorded. 
The rate of fluctuation was found to be constant for the same 
person throughout the hour of testing. The experimenters concluded 
that the rate of fluctuation is a highly reliable measure of some 
psychological function. However, little in common between this function 
and the introversion-extroversion scores was found. Some additional 
testing indicated that alcohol had no consistent influence on fluctuation 
rate, but there was a slight tendency toward rate increase. 
Guilford and F'rederiksenZ found little relationship between 
'J. P. Guilford and K. W. Bralg, nAn EXperimental Test of 
McDougallls Theory of Extroversion-Introversion,n Journal of Abnormal 
and Social Psycholoe~, XXV (1931), 382-389. 
-
2 J. P. Guilford and N. 0 .  Frederiksen, "Personality Traits and 
Fluctuations of the Outline Cube," American Journal of Psycholoa-, 
X m V I  (193~)~ 470-474- 
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introversion-extroversion scores and fluctuation ra te .  They believed 
t h a t  t he  inconsistent  paper and pencil t e s t s  of introversion-extrover- 
s ion were a major obstacle t o  research. In  t h e i r  experiment therefore,  
two "associate ra t ings"  and one "self-rating1! were obtained a s  the  
c r i t e r i o n  measures fo r  introversion-extroversion. I n  other words, each 
subject  ra ted  himself and was rated by two of h i s  associates.  The cube 
was observed f o r  t h i r t y  minutes a day f o r  three days, and the  number of 
changes per minute were taken a s  the  f luctuat ion ra te .  The subjects 
were ins t ruc ted  t o  take a passive a t t i tude .  Using self-rat ings alone 
the  cor re la t ion  was only .047i .070 and with both self-rat ings and 
assoc ia te  ra t ings  it was .060+ .070. No single items correlated with 
f luc tua t ion  ra te .  
One year l a t e r  the Nebraska Personality Inventory was constructed. 
Hoffeditz and ~ u i l f o r d '  attempted t o  r e l a t e  f luctuat ions  of perspective 
t o  Social  Introversion scores obtained from t h i s  scale. Rates of f luc- 
tua t ion  and duration of ~ h a s e  uere obtained by the  use of a telegraph 
key. Each stimulus f igure  was observed f o r  tuo minutes on three d i f fe r -  
en t  days. There uere twenty-four subjects, twelve men and twelve women. 
The r e l i a b i l i t i e s  obtained were high and the average r a t e  of f luctuat ions  
ranged from three t o  eighty-three per minute. The r a t e s  correlated 
s ign i f ichn t ly  with scores obtained on t h i s  inventory. These experimenters 
'E. L. H0ffedit.z and J. P. Guilford, "The Factors Present i n  the  
Fluctuations of Fif teen Ambiguous Phenomena," Psycholorn Bullet in,  XXXII 
(1935), 726-727. 
reported t h a t  the  out l ine  cube possessed the most r e l i a b i l i t y  on r e t e s t  
and yielded the  l e a s t  ambiguous reversal scores, 
1 George employed a ra t ing scale  t o  measure introversion-extro- 
version,  and a l so  sought the effect  of sex differences, and various 
st imulant and anaesthetic drugs on the  r a t e  of fluctuations. Eighty- 
s i x  sub jec t s  observed three  figures: the windmill, Rubins black and 
white cross,  and Jastrowts cube i l lus ion.  He obtained r e s u l t s  showing 
a s ign i f ican t  corre la t ion between fluctuation r a t e s  and r a t i ng  sca le  
f o r  introversion-extroversion. Sodium amytal, a depressant, signif-  
i c an t ly  increased them. This e f fec t  of caffe in  l e n t  support t o  
McDougallls e a r l i e r  theory on the  influence of alcohol. 
The r e s u l t s  of George's experiment i n  regard t o  the re la t ionship 
between f luctuat ions  of perspective and ra t ing scores of introversion- 
extroversi.on a r e  contradictory t o  those of Guilford and Frederiksen. 
The f indings  with regard t o  the e f fec t s  of drugs have not been fur ther  
investigated.  
McDougallls notion i n  regard t o  categories of mental i l l n e s s  and 
f luc tua t ion  r a t e s  has fared no be t t e r  i n  research. Hunt and Guilford 2 
- 
1 R. W. George, "The Significance of the Fluctuations Experienced 
i n  Observing Ambiguous Figures and i n  Binocular Rivalry," Journal of 
General Psychology, XV (1936), 39-61. 
2 ~ .  McV Hunt an6 J. P. Guilford, llFluctuation of an Ambiguous 
Plgure i n  Dementia Praecox and i n  Manic Depressive Pat ients ,"  Journal 
of Abnormal & Social  Psycholo~v, XXVII (1932), 4.43-452. 
-
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investigated of perspec t ive  i n  n ine teen  manic-depressive 
pa t ien ts  and twent~-six dementia praecox pa t i en t s .  All. but  t h r e e  
persons  were t e s t e d  i n  one day, wi th  nholdn and "free" i n s t r u c t i o n s  
g iven  a l t e r n a t e l y .  Sub jec t s  were t o l d  t o  t r y  t o  prevent  f luc tua t ions  
f o r  t h e  llhold'l i n s t r u c t i o n  and t o  attempt no con t ro l  f o r  t h e  " f r een  
i n s t r u c t i o n .  The p a t i e n t s  were not used i f  proper rappor t  could no t  
be e s t a b l i s h e d  o r  if t h e  p a t i e n t  could not  see t h e  "sh i f t . "  
The average r a t e s  f o r  t h e  dementia praecox p a t i e n t s  were f o u r  
t imes  t h a t  of manic depress ive  p a t i e n t s  under pass ive  i n s t r u c t i o n s ,  and 
six t imes  g r e a t e r  under i n h i b i t i v e  in s t ruc t ions .  The r a t e s  were cons tant  
from day t o  day, wi th  dementia praecox p a t i e n t s  showing more v a r i a t i o n .  
The experimenters  be l ieved  t h a t  t h e  i n h i b i t i o n  shcwn i n  manic-depressive 
i n s a n i t y  caused t h e  r a t e  d i f fe rence .  They f u r t h e r  hypothesized t h a t  
only one a s p e c t  of  in t rovers ion-ext rovers ion  which i s  a composite t r a i t  
was measured. The measured aspec t  i s  one i n  which the  dementia praecox 
does no t  d e v i a t e  from t h e  normal but i n  which t h e  manic depress ive  does. 
They c a l l e d  t h i s  a spec t  t h e  "tendency t o  ob jec t i fy  experience." 
A s i m i l a r  experiment by ~ e r c o r l  inves t iga ted  the  r e l a t i o n s h i p  of 
t h e  pe rcep t ion  of t h e  f l u c t u a t i o n s  of t he  Necker Cube t o  pathology i n  
t h e  c e n t r a l  nervous system. T h i s  study was based on t h e  hypothesis  
t h a t  d i s tu rbances  i n  b r a i n  physiology, attfx!dant upon g ross  organic 
IN. Nernor, "The Al terna t ion  of an  Ambiguous f igure i n  P a r e t i c s  
and Schizophrenics ,"  Jou rna l  of Abnormal and Soc ia l  Psycholonv, 
XXXXVIII (1953), &5-&$6. 
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pa tho lom,  r e s u l t  i n  lowered frequency of a l t e rna t ions .  Seventeen 
p a t i e n t s  wi th  known gross  C.N.S. (psychosis, general  pa res i s ,  ce rebra l  
type)  pathology and twenty-two with no k n m  organic pathology (schizo- 
phrenics ,  p s ~ c h o t i c s )  were tes ted .  The groups were roughly matched on 
age and l e n g t h  of i l l n e s s .  These two groups were compared wi th  t h e  two 
groups t e s t e d  by Hunt and Guilford. Contrary t o  t h e  Hunt and Guilford 
f ind ings ,  no s i g n i f i c a n t  d i f ferences  i n  the  number of f l u c t u a t i o n s  were 
found between groups. 
While these  inves t iga t ions  were taking place, o t h e r  experimenters 
were a t tempt ing t o  uncover explanations f o r  the  f l u c t u a t i o n s  of perspec- 
t i v e .  Wheatstone, Oppel, and Schroeder a t t r i b u t e d  the  f l u c t u a t i o n  t o  
imagination, judgment, and w i l l .  Necker, Brewster and Wundt ascr ibed 
t h e  f l u c t u a t i o n  t o  response changes i n  the  v i sua l  system. They f e l t  
t h a t  eye movements and changes i n  f i x a t i o n  were causat ive f ac to r s .  
~irtxmerl r e ~ o r t e d  t h a t  t h e  subjec t  tended t o  f i x a t e  t h a t  p a r t  of the  
f i g u r e  which was nea res t  him. He a l s o  r e ~ o r t e d  t h a t  eye movement 
occur.red about a second a f t e r  t h e  reversa l  of perspective was 
perceived. 
The eye movement explanation became more complicated a f t e r  t h e  
study of  Washburn and ~ i l l e t t e '  with colored f i e l d s  an2 r e t i n a l  r i v a l r y .  
'R. S. Woodworth and H. Schlosberg, Experimental Psycholow 
( ~ e w  York: Henry Holt and Conipany, 1956). 
%. F. Washhurn and A. G i l l e t t e ,  "otor Factors  i n  Voluntarg 
Control of Cube Perspective Fluctuat ions and Retinal  Rivalry Fluctua- 
t i o n s ,  American Journal  of Psychology, XXXXV (1933) , 31 5-319. 
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~ h i r t y - f i v e  women were shown a white l i n e  on a black background cube 
drawing. With the  use of a stereoscope blue and red squares were shown. 
This t e s t  was designed t o  t e s t  the degree t o  which t he  subject  could 
"holdu the  cube i n  one posit ion or  one of the colored cubes i n  t he  
v i sua l  f i e l d .  The white cube condition was superior t o  the  color 
r i v a l r y  condition. The authors s ta ted t ha t  Itthe actual  movement of the  
eye-shift  of f ixa t ionn  accounted f o r  these resul ts .  They suggested 
t h a t  no o ther  causal factors  operated except the famil iar  ones of i n t e r -  
a c t i on  and interference of movements. 
Previous t o  Washburn and G i l l e t t e l s  work, Mull, A r p ,  and Car l in  1 
obtained r e s u l t s  supporting a llcentralfl explanation of f luctuations.  
They found t h a t  individuals maintain s imilar  r a t e s  with one o r  two eyes 
i n  s p i t e  of d i f ferences  i n  eye strength. It was postulated from t h i s  
t h a t  the  b e t t e r  control  by more i n t e l l i gen t  subjects pointed toward 
"centra l"  coordination. 
2 Taking somewhat of an intermediate position, Sisson agreed that 
the  sh i f t i ng  appearance i s  due t o  central  factors  and t ha t  eye movements 
depend upon the sh i f t i ng  experience. He found t ha t  33 per cent of eye 
rnovcments were followed by fluctuations. Forty-six per cent of the  
f luc tua t ions  were folloved by eye movements. Sisson, therefore,  l i k e  
'H. K. Mull, K. Arp, and P. Carlin, "Indication of a Central 
Factor i c  Uncontrolled and Controlled Sh i f t s  i n  Cube Perspective," 
American Journal f Psrcholom, LV (1952), 89-90. 
2~oodworth and Schlosberg, =. a. 
9 
Zimmer, concluded that c e n t r a l  f a c t o r s  play a s i g n i f i c a n t  r o l e  i n  
inf luencing f luc tuat ions .  
Mull, Ord, and ~ocke '  i n  a  l a t e r  inves t iga t ion  on t h e  e f f e c t s  
of b r igh tness  among contour, background, and i l luminat ion  were able  t o  
spec i fy  t h e i r  c e n t r a l  f a c t o r  a s  a  motor fac tor .  The Necker Cube was 
used a s  a  s t imulus because it furnished changes defined more sharply 
than any o t h e r  f igure .  Thirty-six students  i n  six groups were the  sub- 
j e c t s .  The s t i m u l i  were a two-inch cube shown (1) on a white ground 
wi th  200 wa t t  i l luminat ion ,  (2) on a medium gray ground wi th  200 watts, 
and (3 )  on a white ground with 15 watts. The r a t e  of f l u c t u a t i o n  was not  
inf luenced by e i t h e r  t h e  d i f ference  i n  amount of i l luminat ion  o r  of 
c o n t r a s t ,  and n e i t h e r  stimulus was more efyect ive than the  other .  
These r e s u l t s  fu rn i sh  evidence agains t  a s i n g l e  process of t h e  
v i s u a l  cen te r ,  such a s  nblocking,n which depends upon sensory condit ions.  
From t h e s e  f indings  t h e  authors postulated a "motorn fac to r ,  which 
exp la ins  t h e  ine f fec t iveness  of d i f ferences  i n  stimulus, such a s  il lumina- 
t i o n  and con t ras t .  The i r r e g u l a r i t y  and lack of uniformity of r a t e s  of 
f l u c t u a t i o n  were a l s o  a t t r i b u t e d  t o  t h i s  "motorn fac to r .  Hence, these  
experimenters  a r e  b a s i c a l l y  i n  agreement with the  motor views e a r l i e r  
expressed by Washburn and G i l l e t t e .  
A d i r e c t  a t t a c k  on the eye movements notion was attempted by 
lH. X. Mull, N. O r d ,  and N. Locke, "The Ef fec t  of Two Brightness 
Factors  upon t h e  Rate of Fluctuat ion of Reversible Perspectives,"  m- 
can Journal  of Psvcholom, LXVII  (1954), 3W-3U- 
-
10 
1 Glen, who studied the relationship between eye movements and reversible 
perspective. He devised a com;llex photographic apparatus which was able 
to record the most delicate movements of the eye. This relationship was 
affected by the complexity of the task or motor response used in objec- 
tively reporting the reversals. It was least apparent whenever the 
instructions included references made to the actual eye movements. 
These results indicate that central factors affect both eye movement and 
fluctuation rate. 
The scarcity of well controlled experimentation on fluctuations 
is immediately evident. \hat generalizations have been made can be seen 
to have been based on a few poorly controlled investigations. Cube fluc- 
tuations continue to appear as a test of rigidity in personality. Little 
organized systematic work to tease out the factors which control the 
fluctuations have been attempted. This study reports such an attempt. 
The major variable is the effect of distance on the number of reversals 
obtained under free and hold conditions. 
1 J. S. Glen, "Ocular )jovements in Reversibility of Perspective, 
Journal - of General Psy cholom, XXIII (1940), 243-281. 
CHAPTER I1 
OVERVIEW OF THE PROBLEM 
The r e v e r s i b l e  f i g u r e s  have long been considered a c r u c i a l  sign- 
p o s t  on t h e  road t o  understanding t h e  most c e n t r a l  mechanisms c o n t r o l l i n g  
1 percept ion .  L i t t l e  has been done on cont ro l led  and sys temat ic  experi-  
mentat ion.  Much of t h e  developed theory has involved motor and c e n t r a l  
f a c t o r s  which a r e  too  broad t o  be meaningful. 
This  i n v e s t i g a t i o n  was concerned with t h e  e f f e c t  o f  " f r een  and 
"holdn i n s t r u c t i o n s  on t h e  number of f l u c t u a t i o n s  of  a r e v e r s i b l e  f i g u r e  
as a func t ion  of d i s t ance .  The experimental design was r e p l i c a t e d  i n  
t h a t  both  samples of men and women were used i n  sepa ra t e  experiments. 
A review of  t h e  l i t e r a t u r e  suggests  severa l  con t ro l  f a c t o r s .  One 
i s  t h e  use  o f  cube a s  t h e  bes t  r e v e r s i b l e  perspect ive stimulus. Hoffe- 
d i t z  and ~ u i l f o r d '  found t h e  cube t o  be the  most r e l i a b l e  on r e t e s t i n g  
and y i e l d i n g  t h e  l e a s t  ambiguous r eve r sa l  scores.  Mull, Ord, and 
3 Locke found t h a t  t h e  Necker Cube furnished changes defined more sharp ly  
than any o t h e r  f igu re .  
Three of  t h e  f a c t o r s  which have been shown t o  a f f e c t  t h e  r a t e  
of f l u c t u ~ t i o n s  of r e v e r s i b l e  f i g u r e s  a re :  f a t igue ,  presence of a  
1 J .  S. Bruner, L. Postman and F. A. Koste l le r ,  "Notes on t h e  
Measurement of Reversals  of  Perspect ive,"  Psychometrika, XV (1950), 
63-72. 
2 
Hoffedi tz  snu Cui l ford ,  loc .  c i t .  
3 ~ ~ 1 1 ,  Ord and Locke, &. a. 
1 2  
f i x a t i o n  p o i n t ,  and t h e  type of s e t  used i n  hard l ing  t h e  s i g n a l  key t o  
r e p o r t  t h e  f l uc tua t ions .  Since both ~ e c k e r '  and 2zinrG i nd i ca t ed  t h a t  
a f i x a t i o n  p o i n t  decreased t h e  number of f l u c t u a t i o n s ,  none was provided 
i n  t h i s  experiment. 
  led el iminated the  s i g o a l  key and discovered t h e  
complexity of t h e  motor response used i n  r epo r t ing  t h e  r eve r sa l s .  Hence, 
t h e  omission of a s i g n a l  key seemed t o  be indicated.  
Previous  experimentat ion has i nd ica t ed  t h a t  thir ty-second t r i a l s  
would o f f e r  t h e  s u b j e c t  t h e  b e s t  con t ro l  over eye b l inks .  To i n s u r e  
r e l i a b i l i t y ,  t h e  s u b j e c t s  counted t h e  number of  r e v e r s a l s  under free and 
hold i n s t r u c t i o n s  i n  t h e  counterbalanced order:  f r e e ,  hold, hold, f r e e .  
The two f r e e  and t h e  two hold thirty-second scores  were s u m e d  t o  o b t a i n  
t h e  two r e s p e c t i v e  sco res  a t  each of t h e  viewing d i s t ances .  
The counterbalanced t r i a l  a t  each of the  f i v e  viewing condi t ions  
l e f t  a l e a r n i n g  o r  sequence f a c t o r  uncontrolled. It was hoped t h a t  wi th  
adequate  p r a c t i c e  prev ious  t o  t h e  inves t iga t ion ,  s u b j e c t s  would be opera t -  
i ng  a t  akproximately t h e  same a r e a s  of t h e i r  l ea rn ing  curves. Further-  
more, t h e  use  of  a Latin-square design made poss ib le  t h e  computation of a 
va r i ance  due t o  sequence o r  l ea rn ing  during t h e  experimental trials. The 
va r i ance  due t o  l e a r n i n g  could be evaluated along wi th  the  o t h e r  f a c t o r s .  
Assumptions underlying the  Latin-square r e f e r  t o  t h e  d i s t r i b u t i o n  
o f  r e s i d u a l s  a f t e r  each e f f e c t  i s  removed from t h e  t a b l e .  These a s s u m p  
t i o n s  a r e :  normali ty  of t h e  d i s t r i b u t i o n  of scores  w i th in  each c e l l ,  
 orin in^, %. u. 2~oodworth and Schlosberg, s. &. 
3 ~ l e n ,  %. G. 
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homogeneity of variance among cells of the table, equal correlation 
between conditions involving repeated measurements, and homogeneity 
of the levels of the various variables.' Although checking these 
assumptions involves a great deal of labor, the methods for checking 
are themselves rather approximate. The analysis of variance is a robust 
technique and these checks seldom need to be carried out. Certain 
approximate checks on some of these assumptions were made during the 
course of the data analysis. 
'B. J . Wimer, Statistical Principles & Experimental Design 
( ~ e u  York : Henry Holt and Cornpaw, 1956) 
CHAPTER I11 
METHOD 
F i f t y  volunteer  subjects ,  twenty-five males and twenty-five 
females, were rec ru i t ed  from beginning psycholorn courses a t  Drake 
un ivers i ty .  Subjects  were required t o  meet three  se lec t ion  c r i t e r i a :  
(1)  be between the  ages of eighteen and twenty-two gears,  (2)  not  
s u f f e r  from any eye d i f f i c u l t i e s ,  and (3)  not wear glasses.  The median 
age of a l l  sub jec t s  was twenty years. With regard t o  c l a s s i f i c a t i o n ,  
four teen  were freshmen, t h i r t y  were sophomores, and six were juniors. 
The apparatus employed was a black India-ink drawing on a white 
background of the  Wheatstone-Necker Cube. The basic squares were t e n  
inches on each side.  One square was o f f s e t  from the top  and from t h e  
l e f t  s i d e  by th ree  inches. Hence, the diagonals had a negative s l an t .  
The drawing was centered on a cardboard backgrolmd 19.5 by 23 inches- 
Five cha i r s  were placed a t  distances of 5, 10, 15 ,  20, and 25 
f e e t  from the  cube drawing. Chair one was s i tua ted  f i v e  f e e t  from t h e  
st imulus and the  o ther  four  chai rs  a t  distances of 10, 15 ,  20 and 25 
f e e t ,  respect ively .  These were measured out i n  the  beginning and tacks 
placed i n  f l o o r  t o  insure  constancy. 
The sub jec t s  were tes ted  i n  groups of f ive.  Each subject  was 
welcomed t o  the  labora tory  and asked to  s i t  i n  one of the f i v e  cha i r s  
corresponding t o  the  d i f f e r e n t  viewing distances. Each subject  
1 5  
p r a c t i c e d  wi th  t h e  cube u n t i l  he was able t o  see it f luc tua te .  Those 
who were no t  a b l e  t o  see  it f l u c t u a t e  immediately uere  given a d d i t i o n a l  
i n s t r u c t i o n s .  
s u b j e c t s  operated under two conditions of i n s t r u c t i o n  a t  each 
d i s t a n c e  : hold (HI, and f r e e  (F) . When t h e  experimenter des i r ed  
i n h i b i t e d  f l u c t u a t i o n ,  sub jec t s  were ins t ruc ted  t o  t r y  t o  hold t h e  
cube i n  on ly  one p o s i t i o n  throughout the  length  of t h e  thirty-second 
t r ia l .  When f r e e  f l u c t u a t i o n  was des i red ,  subjec ts  were i n s t r u c t e d  
t o  l e t  t h e  cube f l u c t u a t e  f r e e l y  but  not  t o  force  it. Subjec ts  were 
asked t o  b l i n k  dur ing  t h e  r e s t  period but not  during t h e  trials. Each 
s u b j e c t  w a s  asked t o  hold h i s  head i n  only one pos i t i on  during a l l  
trials by r e s t i n g  it on his r i g h t  arm which was propped up on t h e  arm 
of t h e  viewing cha i r .  
S u b j e c t s  proceeded i n  random order ,  t o  eacn of t h e  f i v e  viewing 
d i s t a n c e s :  5, 10 ,  15,  20 and 25 f e e t  with reference t o  the  cube drawing. 
They counted the  numjer of  f luc tua t ions  s i l e n t l j -  under the two s e t s  of 
i n s t r u c t i o n s  a t  each of  t h e  f i v e  viewing dis tances.  Subjec ts  viewed t h e  
cube f o r  a  t o t a l  of two minutes a t  each dis tance,  t h i r t y  seconds being 
spent  under each of t h e  i n s t r u c t i o n a l  conditions. The order  a t  each 
viewing p o s i t i o n  was f r e e ,  hold, hold, f r ee .  The number of f l u c t u a t i o n s  
experienced under each s e t  of condit'ons a t  each d i s t ance  was recorded 
by s u b j e c t s  on a  sco r ing  shee t  provided by the  experimenter. 
The two thir ty-seccnd f r e e  scores and the  two t h i r t y - s e c o d  hold 
sco res  u e r e  combined t o  y i e l d  one minute f r e e  and hold scores.  To meet 
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t h e  assumptions underlying t h e  ana lys i s  of variance technique, t hese  
s c o r e s  were t ranafomed by means of the  Tukey-Freeman transformation.  
The des ign  of t h e  experiment was a mixed La t in  square-Lindquist 
1 Type IV. 'Ifdo sepa ra t e  analyses were car r ied  out ,  one f o r  the  male 
s u b j e c t s  and one f o r  t h e  female subjects .  A s  a p a r t i a l  check on t h e  
assumptions underlying t h e  analyses of variance t a b l e s  f o r  each of  t h e  
s e p a r a t e  e r r o r  terms i n  t h e  analyses were studied. Within each of t hese  
t a b l e s ,  va r i ances  were computed f o r  each c e l l ,  and homogeneity was 
t e s t e d  us ing  t h e  Cochran test.:! This  t e s t  i s  admit tedly rough i n  t h a t  
it was c a r r i e d  out  on t h e  raw scores  r a t h e r  than on t h e  r e s i d u a l s  i n  each 
t a b l e .  However, s i n c e  under t h i s  circumstance only a f e u  of  t h e  t e s t s  
exceeded t h e  5 p e r  cen t  l e v e l  and none t h e  1 per cent  l e v e l ,  t he  conclu- 
s i o n  t h a t  t h e  F t e s t s  would probably be va l id  was i n  order.  Nor, a t  
t h i s  p o i n t ,  was t h e r e  any ind ica t ion  t h a t  the  co r re l a t ions  between t h e  
r epea ted  measures, o r  t h a t  the variances across  the  l e v e l s  of t h e  var- 
i a b l e s ,  were i n  any way highly discrepant .  
1 
H.  F. L indquis t ,  Design and Ana lvs i s  of f iwr iments  & P s u c h o l o ~  
and Education (Boston: Houghton Miff l in  Cospany, 1959). 
-
2W. J .  Dixon F. 3. b s s e y ,  J r . ,  In t roduct ion  S t a t i s t i c a l  
Analysis (second e d i t i o n ;  New York: McCraw H i l l ,  1957),  pp. 438-43Q. 
CHAPTER IV 
RESULTS OF EXPEFURIMENT 
T h i s  experiment was conducted i n  an e f f o r t  t o  a s s e s s  t h e  
e f f e c t s  of s e v e r a l  s tb f l i  which inf luence the  r a t e  of f l u c t u a t i o n  
of t h e  Wheatstone-Necker Cube. The s t imul i  were in s t ruc t ions ,  
d i s t a n c e  and t h e  sequence of t r i a l s  o r  learning.  
Twenty-five men and twenty-five women, ages e ighteen  t o  twenty- 
one, viewed a drawing of a cube a t  f i v e  d is tances  under two s e t s  of  
i n s t r u c t i o n s .  The means and variances f o r  each condit ion a r e  presented 
i n  Tables  I and 11. Means f o r  t he  men varied between 5.12 and 11.80, 
w i th  e s t ima ted  s tandard devia t ions  between .17 and 1.68. The means f o r  
t h e  women va r i ed  between 5.22 and 9.81, with estimated standard devia- 
t i o n s  between .20 and 1.62. The grand mean f o r  t he  men w a s  7.85 and 
t h e  grand mean f o r  t he  women was 7.38. 
Tables I11 and I V  present  r e s u l t s  of t h e  ana lys i s  of var iances  
f o r  t h e  men and women. For men d is tance  ( D ) ,  i n s ~ r u c t i o n s  ( I ) ,  and 
d i s t a n c e  t imes  l ea rn ing  times inStrUcti0ns (Dxm)  a r e  s i = i f i c a n t  
beyond t h e  1 per  cent  l e v e l ,  Since the d is tance  times l ea rn ing  times 
i n s t r u c t i o n s  ( ~ L ~ I )  i n t e r a c t i o n  i s  the highest  order  i n t e r a c t i o n ,  
c a u t i o n  i n  these  r e s u l t s  beyond t h e  present  eXPriment is 
i n d i c a t e d .  
Table I V  p re sen t s  the  r e s u l t s  f o r  the  women. Distance ( D )  is  
sign1 f i c a n t  only  he 5 per  cent leve l .  The d i s t ance  times l ea rn ing  
TABLE I 
'AFiATSTO!iE-iiZChZR C U a E  FLUCTljATION MTE STUDY, MEANS AND SIGMAS FOR THE 
25 MALE SUWECTS UKDER TWO SETS OF INSTRUCTIONS 
5 ' 10 I 15  ' 20 I 25 ' 
"ee Ijold Free Hold Free Hold Free Hold Free  Hold 
20', 5', 15', lo', 25' 
Mean 
S.D. 
25', lo', 20t, 15', 5' 
Mean 
S.D. 
15', 20t, 5', 25', 10' 
lJlean 
S.D. 
lof, 15', 25', 5', 20' 
Mean 
S.D. 




'rlEXA'IS'IOliX-~IBCIXR CUFE FLUCTUATION RATE STUDY, W S  AND SIGMAS FOR THE 
25 W A L E  SUBJECTS UNDER TWO SETS OF INSTRUCTIONS 
Order 
5 ' 10 I 15 ' 20 I 25 ' 
Free Hold Free Hold Free Hold Free Hold Free Hold 
2 0 ' ,  5', 1 5 ' ,  lo', 25 '  
Kean 
S.D. 
2 5 ' ,  lo', 2 0 ' ,  1 5 ' ,  5 '  
Mean 
S.D. 
15', 2 0 ' ,  5 ' ,  2 5 ' ,  1 0 '  
Fean 
S.D. 








WHWLTSTONE-mCKER FLUCTUATION RATE STUDY, 
ANALYSIS OF VAIiIANCE FOR THE MEN 
Degrees of Mean 





171.84 4 42.96 2.67(4/20) N.S. 
321.94 20 16.10 
Within 768.38 22 5 
Distance (D) 24.35 4 6.09 4.76(4/80)** 
Learning ( L )  2.96 4 74 
D L 19.48 12 1.62 1.26(12/80) N.S. 
Error  (W1) 102.65 80 1.28 
Instructions (I) 330.83 1 330.83 4.l. 72 (1/20) ** 
0 -  I 45.06 4 11.26 1.4.2(4/20) N.S. 





Total 1262.16 249 
**Significant a t  o r  beyond the  1 per cent level .  
TABLE I V  
WHEXTSTONE-MECKER FLUCTUATION RATE STUDY, 
ANALYSIS OF VARIANCE FOR THE WOMEN 
Degrees of Mean 
Source Results Freedom Square F 
Subjects a5.4.4 24 
Orders ( 0 )  81.12 4 20.28 1.21(4/20) N.S. 
Error  (b) 334.32 20 16.72 
Within 499.57 225 
Distance (D) 13.08 4 3.27 3.03(4/80)* 
Learning (L) 3.75 4 .94 
D L 23.42 12 1.95 1.80(12/80) H.S. 
Error  (W1) 86.47 80 1.08 
~ n s t r u c t i o n s  (I) 204.92 1 204.92 40. 34(1/20) ** 
0. I 14.84 4 3.7i 
Er ror  (W3) 101.53 20 5.08 
D-I 5.81 4 1.45 3.30(4/80)* 
L* I 1.02 4 .25 
D e L - I  90.W 1 2  7.53 17.11(12/80)** 
Error  (Wp) 35.43 80 .U 
Total 915.01 249 
* S i g n i f i c a n t  a t  o r  beyond t h e  5 per cent level. 
**Significant a t  o r  beyond the 1 per cent level .  
TABLE V 
K:ALYSIS G? VAFJA?:CE 203EL FCH TFX )EN FROM THE WHEATSTONGNECKER FLUCTUATION KATE STUDY 
5 ' 10 I 1 5  ' 20 ' 25 ' 
Order Subject Free Hold Free Hold Free Hold Free Hold Free Hold 
TABLE V (continued) 
5 ' 10 ' 1 5  ' 20 ' 25 ' 
Crder Subject  Free Hold Free Hold Free Hold Free Hold Free Hold 
TABLE VI 
Ah'ALliSIS O? VARIANCE PGSEL ?OH 'IRE 510FZN FROM THE WEATSTONE-NECKER FLUCTUATION RATE STUDY 
5 ' 10 ' 15 ' 20 I 25 ' 
Order Subject Free Hold Free Hold Free Hold Free Hold Free Hold 
TABLE VI (continued) 
5 ' 10 ' 15' . 20 ' 25 ' 
Order Subject Free Hold Free Hold Free Hold Free Hold Free Hold 
FREE 
HOLD 
F i g u r e  1. Whcatstone-Necker F l u c t u a t i o n  Rate  Study. The 
D i s t a n c e  Times I n s t r u c t i o n s  I n t e r a c t i o n  f o r  t h e  Women. 
FREE 
HOLD 
Figure 2. Wheatstone-Necker Fluctuation Rate Study. The Distance 
Times Learning Times Instruction Interaction for the Men. 
F i g u r e  3 .  Whea t s t o n e - ~ e c k e r  F l u c t u a t i o n  Rate Study. The Dis tance 
Times L e a r n i n g  Times I n s t r u c t i o n  I n t e r a c t i o n  f o r  the  Women. 
FREE 
F i g u r e  4 .  Whea t s t o n e - N e c k e r  F l u c t u a t i o n  Rate Study. 
T h e  E f f e c t  of  Sex With  O r d e r  a n d  I n s t r u c t i o n s  Combined. 
FREE 
HOLD 
Figure 5. Wheats tone-Kecker Fluctuation Rate Study. 






F i g u r e  6 .  Wheatstone-Necker F l u c t u a t i o n  Rate Study.  
The  E f f e c t  of  O r d e r  w i t h  I n s t r u c t i o n s  and Sex Combined. 
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t i m e s  i n s t r u c t i o n s  (=XI) i n t e r a c t i o n  i s  once more signif icant  beyond 
t h e  1 per c e n t  l e v e l .  I n  add i t ion  another in te rac t ion ,  the distance 
t i m e s  l e a r n i n g  (DxL) i n t e r a c t i o n ,  i s  s ign i f i can t  a t  the 5 per cent 
l e v e l .  
Table  V p r e s e n t s  t h e  d i s t ance  times ins t ruc t ions  (h1) inter- 
a c t i o n  means f o r  t h e  women. The t r ends  of means f o r  f r ee  and hold 
c o n d i t i o n s  a c r o s s  t h e  f i v e  d i s t ances  i s  s ign i f i can t ly  d i f ferent  and is 
i l l u s t r a t e d  i n  Figure 1. 
Tables  V I  and V I I  and Figures 2 and 3 present means f o r  the 
d i s t a n c e  t i m e s  l e a r n i n g  t imes i n s t r u c t i o n  (&I) interact ion.  The 
f i g u r e s  i n d i c a t e  t h a t  t h e  sub jec t s  function d i f fe ren t ly  f o r  some of 
t h e  i n s t r u c t i o n s  and d i s t a n c e s  combined. The high significance of 
t h i s  i n t e r a c t i o n  i n  both cases  r a i s e s  some questions concerning t h e  
a p p r o p r i a t e n e s s  o f  t h e  s p l i t - p l o t  Latin-square design. 
CHAPTER V 
DISCUSSION 
T h i s  experiment  was a n  a t tempt  t o  eva lua te  the  ro les  of several 
stimuli on t h e  number of r e v e r s a l s  of a  f luc tua t ing  f igure ,  An attempt 
was made t o  a s s e s s  t h e  con t r ibu t ions  of subjec ts ,  i n s t ruc t iona l  s e t ,  
d i s t a n c e s ,  and t h e  l e a r n i n g  sequence. I n  an unpublished t h e s i s  a t  
1 Drake U n i v e r s i t y ,  Schuham inves t iga t ed  some of these  same variables  
b u t  f o r  t h e  s u b s t i t u t i o n  of  ang le  of view f o r  d is tance .  The design of 
Schuham ' s i n v e s t i g a t i o n  randomized t h e  sequence learn ing  variable.  It 
was f e l t  t h a t  t h e  c o n t r o l  of  t h e  l e a r n i n g  va r i ab le  through a Latin- 
s q u a r e  d e s i g n  would a l low some assessment of t h e  e f f e c t  of t h i s  variable 
i n  r e l a t i o n  t o  t h e  o t h e r s .  
For  t h e  males t h e  r e s u l t s  a r e  f a i r l y  c l ea r .  Distance from the  
s t i m u l u s  f i p r e  and i n s t r u c t i o n s  a r e  s ign i f i can t .  The ? lo t  of mean 
f l u c t ~ a t i o n s  v e r s u s  d i s t a n c e  ind ica t ed  a  curve which r i s e s  and then 
seems t o  l e v e l  o f f .  I t  i s  a l s o  c l e a r  t h a t  subjec ts  can "take" instruc- 
t i o n a l  s e t s  t o  l e t  t h e  cube f lucxua te  f r e e l y  o r  t o  inh ib i t  the fluctua- 
t i o n s .  The d i s t u r b i n g  element i n  t h e  ana lys i s  of  the scores at tained 
by t h e  men i s  t h e  s i g n i f i c a n c e  of the  d is tance  by leerning by instruc- 
t i o n s  i n t e r a c t i o n .  T h i s  i s  the  h ighes t  order  in t e rac t ion  i n  the 
analysis f o r  t h e  men and ind ica t ed  t h a t  t he re  a r e  differences introduced 
1 A .  Schuhm,  "The E f f e c t s  o f  A@es of Viec and Instruct ions 
on t h e  F l u c t u a t i o n s  o f  Wheatstone-Necker Cubet1 (unpublished P!Ster1s  
t h e s i s ,  D r n k e  Unive r s i ty ,  3es Moines, 1 ~ ~ 1 ) .  
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a t  e a c h  of t h e  d i s t a n c e s  by i n s t r u c t i o n  and learn ing  conditions not 
accoun ted  f o r  by t h e s e  v a r i a b l e s  a c t i n g  s ing ly  nor i n  simpler inter- 
a c t i o n s .  Such a f i n d i n g  t e n d s  t o  i n d i c a t e  t h a t  t he  refinement of 
t e c h n i q u e  h a s  n o t  advanced t o  a s t a g e  where f u l l  generalizations ue 
p o s s i b l e .  There would appea r  t o  be  some uncontrolled variable causing 
t h e s e  d i s c r e p a n t  r e s u l t s .  All t h e  i n t e r p r e t a t i o n s  regarding the males 
must b e  mod i f i ed  t o  ho ld  on ly  f o r  t h i s  group of subjec ts  under these 
s p e c i f i c  c o n d i t i o n s .  
The r e s u l t s  f o r  t h e  women p a r a l l e l  those f o r  the men with two 
e x c e p t i o n s .  I n  a d d i t i o n  t o  t h e  s i g n i f i c a n t  f indings i n  regard t o  dis- 
t a n c e ,  i n s t r u c t i o n s ,  and t h e  h i g h e s t  i n t e r a c t i o n ,  the  distance times 
i n s t r u c t i o n s  i n t e r a c t i o n  was a l s o  found t o  be s igni f icant .  This would 
i n d i c a t e  t h a t  t h e  women ' s s c o r e s  would appear  t o  be even more variable 
t h a n  t h o s e  of t h e  men. Whatever unknown f a c t o r  i s  causing the addi- 
t i o n a l  v a r i a b i l l  t y  i n  t h e s e  twc ana lyses ,  it would appear t o  operate 
s t r o n g e r  i n  t h e  female s u b j e c t s .  
D e s ~ i  t e  t h e  f a i l u r e  o f  t h e  e x ~ e r l m e n t a l  design t o  achieve be t te r  
" c l o s u r e ,  " t h e  c o n t r o l  o f  sequence does represent  an improvement over the  
e x p e r j m e n t a l  d e s i g n  i n  which randomizat ion did not permit an assessment 
of t h e  s t r e w t h  o r  t h e  sequence f a c t o r .  The f a i r l y  la rge  variat ion 
an,onE t h e  c e l l s  i n  t h e  f i r s t  t a b l e s ,  coupled w i t h  zhe significance of 
t h e  r l i ~ h e s t  o r d e r  i n t e r a c t i o n s  i n  both of t h e  analyses,  vould argue 
f o r  t h e  l ~ c k  o f  c o n t r o l  i n  some s e q u e n t i a l  f ac to r .  This view represents 
a p e s s  i n  t h ~ t  h e  l e a r n j n g  f ~ c t o r  i t s e l f  did no t  achieve sienificance 
i n  e i t h e r  o f  t h e  a n a l y s e s .  The l e a r n i n g  f a c t o r  niust t hen fo re  been 
balanced out among the  other  factors  and shows up only i n  the highest 
i n t e r a c t  ions. 
probably the  g rea t e s t  amount of l i gh t  could be shed on what is 
going on here by designing a sequence learning experiment and testing 
the  results. Such a study would involve one standard viewing position, 
and f i v e  sequent ia l  counterbalanced t r i a l s .  Separate groups of men and 
women subjec ts  would be run i n  a s t ra igh t  repeated measurements block 
design. The learning sequence e f f ec t  fo r  both se t s  o f  instructions 
could then be studied clear ly .  
Certa inly these "minor" factors  need to  be cleared up before 
the r eve r sa l s  of the  f luc tua t ing  cube can be investigated with reference 
t o  environmental f ac to r s .  Perhaps when these effects  are known, a 
potent instrument f o r  assessing personality differences might then be 
i n  t h e  off ing.  
CHAPTER VI 
SW;ARY AND CONCLUSIONS 
The effects  of  d i s t a n c e ,  i n s t r u c t i o n a l  s e t ,  and learning-  
s e q u e n c e  on t h e  number o f  f l u c t u a t i o n s  o f  t h e  Wheatstone-Mecker 
Cube w e r e  i n v e s t i g a t e d .  A number o f  c o n t r o l s  der ived  from t h e  
e x p e r i m e n t a l  l i t e r a t u r e  were inco rpo ra t ed  i n t o  t h i s  i nves t i ga t i on .  
S a m ~ l e s  o f  b o t h  men and women s u b j e c t s  were run and t h e i r  scores  
a n a l y z e d  i n  s e p a r a t e  s p l i t - p l o t  Lat in-square  designs .  
The d i s t a n c e  and i n s t r u c t i o n s  v a r i a b l e s  and the  d i s t ance  by 
i n s t r u c t i c n s  by l e a r n i n g  i n t e r a c t i o n s  were found t o  be s i g n i f i c a n t  
f o r  b o t h  a n a l y s e s .  I n  a d d i t i o n ,  a l e s s e r  o rde r  i n t e r a c t i o n ,  t h e  d i s -  
t a n c e  by i n s t r u c t i o n s  i n t e r a c t i o n ,  w a s  found t o  be s i g n i f i c a n t  f o r  the  
wcmen. S i n c e  t h e  d i s t a n c e  by i n s t r u c t i c n s  learning i n t e r a c t i o n  was 
t h e  l a r g e s t  o r d e r  I n t e r a c t i o r ,  t h e  g e n e r a l i z a t i o n  of  t h e  f i nd ings  was 
l i m i t e d  t o  -.hese s a r r . ~ l e s  and t o  t h e  cond i t i ons  of t h e  experiment. 
An a t t e q t  w a s  made t c   lace t h e  blame " c r  ;he s i gn i f i c ance  of 
t h e  h i c h e s t  o r ~ e r  I n t e r s c t i o n s  on t h e  sequence learning f a c t o r  de sp i t e  
t h e  n c n - s i s n i f i c s n c e  o"  t h i s  f a c t o r  consi , lered s i n g l y  ard i n  t h e  siiapler 
i n t e r s c t . : o n s .  I t  was sugees t ed  tht the  e f f e c t  o f  t h e  l e s a n i n g s  v ~ r i a b l e  
wan rsn.ion:ized ov.. r t h e  ot!.er v s r i : ~ b i e s  and r he r e fo r e  skewed up 06;; i n  
t h l  s h j ~ h e s t  i n t . e r s c t i o n .  Su!;pestions f o r  ex r e r ' a en t s  t o  check on t h i s  
c o n j ~ ~ c t u r e  w re mt?:?e. I t  W ~ S  1 1 ~ ~ 7  suggested t h s t  f u r t h e r  investigations 
ui t h  f luctun t in ! :  fi?%rcs icere blockcad u n t i l  t h e  d i s t u r b i n g  f a c t o r  
c o u l d  bf? i ; i e n t i  f i eil 3n.i ef " e c t l v e l y  e l i -n inn te i .  
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